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physicochemical transducer (detector) , converting the spot target in a measurable electric signal (Bergveld, 1996; Justino et al., 2010; Singh & Choi, 2009; Tothill, 2009; Velusamy et al., 2010) . The biological recognition element of a biosensor is a molecular species that uses a specific biochemical mechanism, mediated by enzymes, nucleic acids, antibodies, cellular systems, microorganisms etc., to detect the target analyte from biological samples. The biorecognition elements can be classified in two broad categories: bioligands (antibodies, nucleic acids, lectins etc.) and biocatalysts (enzymes, hormones, vitamins, microorganisms, tissues etc.) . The bioligands are responsible for binding the considered analyte to the biosensor, for detection and measurement of the target compounds from the sample, usually by transforming them in an electric, thermal or optical signal. Biocatalysts are substances with activating role in biological reactions, in the transformation of substrates to products. After the interaction with target species, the physicochemical properties of the sensitive layer (weight, optical properties, resistance) are changed. The modified parameter is taken over by the transducer and converted in an equivalent, measurable electrical signal which is then amplified. The amplified signal, proportional with the concentration of the substance or set of analyzed substances, is processed by a signal processor that provides a digital electronic signal which can be saved, displayed and analyzed with a proper hardware and software (Castillo et al., 2004; Justino et al., 2010; Singh & Choi, 2009; Velusamy et al., 2010) . Many biological recognition elements, which provide the specificity and sensitivity required to sense low levels of the sample analyte, are used as bioreceptors to detect bioanalytes such as : enzymes, hormones, vitamins, proteins, nucleic acids, antibodies/antigens, whole cells from superior organisms, tissues, organelles, liposomes, bacteria, viruses, other microorganisms, cofactors, biomimethics etc. (Singh & Choi, 2009; Su et al., 2010; Tothill, 2009; Velusamy et al., 2010; ) . The transducer can be electrochemical (i.e. ion-selective electrodes), heat sensitive (i.e. calorimetric), piezoelectric (i.e. acoustic sounds), optical (i.e. optical fibers), magnetic and micromechanical or any other combination of these (Velusamy et al., 2010) . The bioreceptor is responsible for the selectivity and specificity of biosensor towards a certain analyte. The detector is not selective but has a great influence on the sensitivity of the biosensor. Very often, optimal functioning of biosensors requires the presence of an intermediate compound, called mediator, which shuttles redox equivalents between bioreceptor and transducer. Depending on the type of contact and integration level of biological recognition element and transducer, biosensors have mainly known three generations of development. First generation of biosensors have the biorecognition element physically bound or entrapped into a membrane fixed on the transducer surface. Electrochemical biosensors of this generation include only the biorecognition element and the transducer. Second generation of biosensors have the biologically active component directly adsorbed or covalently bound on the transducer surface without a semipermeable membrane. In this case, the diffusion of mediators, which are not immobilized on the transducer surface, may take place freely. In case of third generation of biosensors, the bioreceptor is directly bound on an electronic device which transforms and amplifies the signal. The biosensors based on conducting polymers belong to this category. Even if, apparently, the difference between second and third generation of biosensors does not seem significant, setting up the whole sensing chemistry on the transducer surface is a complex task. Generally, the methods utilized to immobilize biomolecules on the electrode surface are used also for redox mediators (e.g. adsorption, covalent binding to conducting or non-conducting polymer backbones, mixing with the electrode material (e.g. carbon paste) 366 or entrapment into a polymeric matrix by ion exchange) to ensure a suitable electron transfer pathway (Castillo et al., 2004; Singh & Choi, 2009 
Classification
Biosensors can be classified according to many criteria, out of which we mention the followings: -the bioactive/bioreceptor material -the transducer -the immobilization technique. In general, the bioreceptors or the recognition biological materials can be classified in five major classes, as it is shown in Figure 2 . The enzymes, antibodies and nucleic acids are the main bioreceptor classes that are mostly used in biosensors applications. In general, they are immobilized on a support which can be the detector surface, its vicinity or a transporter (Ivnitski et al., 2000; Lazcka et al., 2007; Oh et al., 2005; Radke & Alocilja, 2005; Velusamy et al., 2010) . The biosensors classification according to the nature of the variable parameter converted by the transducer in electric signal can be seen in Figure 1 , but a more complete classification is given in Figure 3 . (Velusamy et al., 2010) .
Biosensors mechanisms
According to the interaction mechanism, three types of biosensors can be identified: 1. biocatalytic (enzymatic/metabolic) biosensors (the recognition element is represented by enzymes); 2. biosensors that act based on bioaffinity or biocomplexation (based on recognition mechanisms with antibodies, nucleic acids, lectins etc.). 3. biosystems based on microorganisms. (Rogers & Mascini, 2009; Thévenot et al., 1999) .
In case of biocatalysis, biorecognition reaction is catalyzed by macromolecules that can be present in a biologic environment or have been previously isolated. The substrate interacts with the immobilized biocatalyst on the sensor (surface), then a biocatalyst-substrate complex is formed and after the reaction takes place, the product is released and the catalyst is regenerated. The substrate consumption or the product release is continuously measured and the biological response is converted into an electrically quantifiable signal monitored by the integrated detector of the biosensor. These types of biosensors (biocatalytic sensors) usually use enzymes, whole cells (cellular microorganisms as bacteria, fungi etc.), cellular organelles (mithocondria, cell walls) or tissues (vegetal or animal). Generally, biocatalysts based biosensors depend on the use of enzymes. These biological catalysts can be comprised in one of the six classes: oxidoreductases (dehydrogenases, oxidases, peroxidases, oxygenases), transferases, hydrolases, lyases, isomerases and ligases. Biocatalysis underlying mechanisms involve either the catalytic conversion of an analyte from an undetectable form in a detectable one or the detection of an analyte that inhibits or mediates the enzymatic activity (Rogers & Mascini, 2009; Thévenot et al., 1999) .
In case of bioaffinity, operation of biosensors relies on selective interactions between the analyte of interest and biomolecules or organized molecular assemblies, either (present) in their biological environment or previously isolated. After the biocomplexing reaction, equilibrium is achieved and the analyte is no longer consumed. The equilibrium responses are monitored by the integrated detector. The antibodies capacity to specifically recognize different molecular structures confers high selectivity to biosensors based on bioaffinity (Rogers & Mascini, 2009; Thévenot et al., 1999; Velusamy et al., 2010) . The class of biosensors based on microorganisms is used for analytes that form a respiratory substrate. These can detect either biodegradable organic compounds measured as biological oxygen demand or respiration inhibition caused by the analyte of interest. The biosensors based on Genetically Modified Microorganisms (GMMs) recognize and report the presence of a specific analyte (Rogers & Mascini, 2009 ).
Functional characteristics
The main functional characteristics of a biosensor are shown in Figure 4 . The assessment of the functionality of any biosensor must begin with its calibration. This is generally performed using standard solutions of the analyte followed by the plot of the steady-state response against the analyte concentration or its logarithm. Exceptions are the biosensors causing a continuous change in the concentration of the analyte standard solutions because they trigger a reaction that takes place throughout the measurement till the depletion of the substrate. An example is the glucose potentiometric biosensor based on glucose oxidase. In this case the biosensor monitors the ongoing reaction following the variation of a parameter which is continuously changing and, at time considered optimal, calibration curve is plotted. The value of the followed parameter at optimal time depends on the concentration of standard solution in which monitoring is made (Thévenot et al., 1999; Bizerea-Spiridon et al., 2010a; Bizerea-Spiridon et al., 2010b; Vlad-Oros et al., 2009; ) .
Applications
Biosensors represent a rocketed developing field, with an enormous potential in terms of detection and control of a large number of analytes with important applications in health, agriculture, food industry, environmental monitoring etc. With an annual growth rate estimated at 60% (Chaplin & Bucke, 1990) , biosensors and analytical techniques in which they are involved will play an increasingly important role in the future technology. Some of the Table 1 ( Castillo et al., 2004; Justino et al., 2010; Lazcka et al., 2007; Mello & Kubota, 2002; Nayak et al., 2009; Rodriguez-Mozaz et al., 2005; Rodriguez-Mozaz et al., 2006; Rogers, 2006; Tothill, 2009; Verma & Singh, 2005) . The recent progress in micro-and nanoscale technologies shows high promises in enabling a number of new applications in biosensing. Based on enzyme immobilization techniques, in the shape of capsules, beads, columns or membranes, many types of biosensors have been developed on a laboratory or even on a commercial scale (Rothenberg, 2008) .
Enzyme immobilization by sol-gel technique for biosensing applications

Fundamentals of enzyme immobilization for biosensing
In vivo, nature produces enzymes when they are needed in the biochemical pathways. In vitro, in biocatalytic transformations, they have to be recovered and efficiently reused. This may be done by immobilization (Lalonde & Margolin, 2002) . Immobilized enzymes are defined as "enzymes physically confined or localized in a certain defined region of space with retention of their catalytic activities, and which can be used repeatedly and continuously" (Chibata, 1978) . In the last six decades, several methods of immobilization have been developed, starting with binding onto natural or synthetic carriers (Chibata, 1978) , inclusion in organic or inorganic polymeric networks, or cross-linking, sometimes in the presence of inert molecules (Murty et al., 2002; Kennedy & Cabral, 1987; Khan & Alzohairy, 2010; Sheldon, 2007; Ullmann, 1987) .
For a successful immobilization procedure, three elements have to be considered: a) the enzyme, b) the support and c) the nature of enzyme binding to the support (Kennedy & Cabral, 1987) . The immobilization methods can be divided considering the interaction between enzyme and support in: a) physical binding or b) covalent binding to a solid carrier, c) entrapment in gel networks or d) cross-linking using (bi)functional agents ( Smith, 2004) . These methods are widely used for enzymes immobilization. Physically, enzymes are adsorbed onto insoluble supports, entrapped within gel networks or encapsulated within microcapsules or in/behind semi-permeable membranes. Chemically, enzymes are either covalently bound to organic or inorganic carriers or cross-linked with functional agents.
In the physical binding the interaction between enzyme molecules and solid supports consists of stronger, ionic and hydrogen forces or weaker, van der Waals or hydrophobic forces, respectively. The physical methods are simple, inexpensive and usually they do not affect the catalytic activity of enzymes. The main disadvantage is the reversible binding of enzyme to the support (leading to enzyme leaching) (Lalonde &Margolin, 2002; Smith, 2004) .
The entrapment in a gel network is obtained by polymerization or precipitation/coagulation reactions in the presence of enzyme. The process is usually very simple, the enzymes structure is not affected, but sometimes activity loss may occur. The enzymes are captured in the pores network, while smaller or larger substrate or product molecules can diffuse throughout the gel towards/from the catalyst. If environmental changes disturb the porous network, enzyme leakage could happen. The diffusional limitations due to the polymeric matrix are usually problematic. A very important characteristic of entrapment is that it may be applied for cell fragments or even whole cells immobilization (Chibata, 1978; Lalonde & Margolin, 2002; Smith, 2004) . In order to perform the coupling the enzymes by covalent binding to inorganic or organic, natural or synthetic carriers, a huge number of chemical reactions have been used (Kennedy & Cabral, 1987; Sheldon, 2007) . The most important advantage is that chemical binding, stronger than the methods previously described, leads to more stable biocatalysts. The covalent binding is non-specific and activity loss is observed if residues from the active site are involved. Even though there is an enormous experience in the realm, it is obvious that no general rule is available to obtain active, stable, efficient, advanced immobilized biocatalysts with high yield and low costs. Stability vs. activity is a perpetual target in all applications. An immobilized enzyme has to fulfil a sort of requirements for a good overall activity, such as reasonable immobilization yields, high activity and catalytic efficiency, high operational stability, limited mass transfer effect, easy handling and reusability (Bickerstaff, 1997; Khan & Alzohairy, 2010; Krajewska, 2004; Sheldon, 2007) . Enzyme immobilization may change the kinetics and other properties essential for catalysis (optimum pH or temperature), usually with a decrease of the specific activity. An enhancement of enzymes stability (pH, thermal, storage and operational stability) upon immobilization is commonly observed -key advantage in enzyme immobilization (Mateo et al., 2007; Murty et al., 2002; Petkar et al., 2006) . The special characteristics of the immobilized enzymes have made them suitable for many applications in bioconversion processes or as biomaterials for health and biosensors (Coradin et al., 2006; Gupta & Chaudhury, 2007; Khan & Alzohairy, 2010; Kim et al., 2006; Li & Takahashi, 2000) . The main techniques for enzymes immobilization applied to biosensors are shown in Figure 5 . In biosensing, immobilization is a key step in coupling of enzyme to electrode. The biosensor efficiency relies on solving problems such as: enzyme loss caused by the binding procedure, diminished availability of enzyme molecule within the carrier, slow diffusion of substrate molecules and active species within the pore network, good transfer of the chemical signal to the electrode. Furthermore, in biosensors, reproducibility, rapid answer, operational stability, enzyme molecule availability, kinetic parameters are essential for a good response (Coradin et al., 2006; Gupta & Chaudhury, 2007; Khan & Alzohairy, 2010; Kim et al., 2006) .
Immobilization techniques
Sol-gel entrapment -a versatile tool for enzyme immobilization
Although practice shows that a universal carrier is not known, some characteristics are desirable to any material considered for immobilizing enzymes: large surface area, hydrophilicity, permeability, insolubility, chemical, thermal and mechanical stability, resistance to microbial attack, etc. (Kennedy & Cabral, 1987; Ullmann, 1987) . Gel entrapment of biomolecules is a well-established method for many years. Gels as agar, agarose, gelatin, alginate, chitin, chitosan, carrageenan or polyvinyl alcohol are highly biocompatible, accessible, easy to handle and largely used in very different applications. The most important disadvantages reside in their organic nature: some of them are mechanically fragile, cannot stand for biological attack or are highly toxic (Smith, 2004 ).
Due to their physical properties, inorganic carriers have some important advantages over their organic counterparts: high mechanical strength, good thermal stability, high resistance to organic solvents and microbial attack, easy handling and regeneration. Inorganic supports are stable and do not alter their structure at environmental changes (pH or temperature) (Coradin et al., 2006; Kennedy & Cabral, 1987; Ullmann, 1987) . This chapter will deal with immobilization of enzymes using inorganic carriers. In order to make them compatible with organic and bio-molecules, mild synthesis methods are needed. Sol-gel synthesis of inorganic gels in conditions as harmless as possible is such an option. Silica sol-gel materials have been developed starting with the 1990's as a versatile and viable alternative to classical immobilization methods (Avnir et al., 1994; Reetz et al., 2000 , Reetz et al., 2003 . The sol-gel synthesis of silica gels is a chemical synthesis of amorphous inorganic solids starting from metal-organic precursors (Si(OCH 3 ) 4 or Si(OC 2 H 5 ) 4 being the most commonly used) which undergo numerous catalytic hydrolysis and condensation reactions that can be written schematically as follow (Brinker & Scherer, 1990; Park & Clark, 2002 
Sol-gel technique implies the silica matrix synthesis, at room temperature and mild conditions, around biomolecules or even larger biological species, without altering the biological activity (Bhatia et al., 2000; Gupta & Chaudhury, 2007) . Biomolecules like proteins, enzymes, hormones, antibodies, cell components or even viable whole cells remain active in the porous network. Smaller species from the environment may diffuse within the matrix and interact with the entrapped biomolecules (Yoo & Lee, 2010) . This method avoids problems such as covalent modification (strong binding which can affect residues involved in the catalytic site) or desorbtion (van der Waals, hydrogen or ionic binding). Due to its inorganic nature, silica is a chemically, thermally, mechanically and biologically inert material. The high hydrophilicity and porosity make it compatible with biological species. More than that, synthesis of sol-gel materials is simple, fast and flexible (Avnir et al., 1994; Jin & Breman, 2002; Livage et al., 2001 ). The result of hydrolysis and polycondensation reactions is a colloidal sol that contains siloxane bonds (Si-O-Si network) and that, in presence of the target biomolecules or biological species, undergoes further condensation reactions till the gelation point is reached, in a time lasting from seconds to days. At the gelation point, the silica matrix forms a continuous solid throughout the whole volume, with an interstitial liquid phase, containing the biomolecules or biological species. The most important property of this material is its dynamic structure. The hydrolysis and condensation reactions continue as far as unreacted hydroxy or alkoxy groups are still present in the system, in the aging phase. A nano-or a mesostructured material is formed. The water and the alcohol introduced or produced can be removed stepwise, in a drying process that leads to a solid in which the pores collapse as solvent is removed. The shrinkage of the wet matrix may alter the protein. Fortunately, most applications imply function in aqueous environment so complete drying can be avoided. The three-dimensional Si-O-Si bonds are formed around the biomolecule which, even though is trapped in the cage, remains active in the porous network. The sol-gel matrices preserve the native stability and reactivity of biological macromolecules for sensing. More than that, they can be obtained as powders, fibers, monoliths or thin films. This versatility makes them suitable for biosensing. The formation of thin films is a rather complex process. Sol viscosity, gelation time, solvent evaporation, film collapse may influence the microstructure of the thin film. This microstructure is essential for the access of small molecules and analytes. Dip-coating or spin-coating may be used to obtain thin films with reproducible properties. Metal alkoxides are the typical precursors for sol-gel technology. The development of silica based sol-gels in the materials sciences is mainly based on tetraalkoxysilanes Si(OR) 4 or organoalkoxysilanes R' (4-x) Si(OR) x , where x = 1-4 and R is an organic residue (R: CH 3 -, C 2 H 5 -, C 6 H 5 -, R': CH 3 -, C 2 H 5 -, C 6 H 5 -, etc.) (Brinker & Scherer, 1990; Gupta & Chaudhury, 2007 
Precursors containing R' hydrophobic residues modify the polymeric network. Other precursors, containing functions such as vinyl, methacryl or epoxy, may act as network forming precursors, due to their reactive monomers (Table 2) . Organically modified alkoxides act in the hydrolysis and polycondensation reactions identically with un-substituted alkoxides. Their reactivity increases in the order: TEOS < VTES < MTES. By far the most largely used precursors for the sol-gel matrixes are TMOS and TEOS. Due to their low water solubility, an alcohol is needed to avoid phase separation. Also, during the hydrolysis and polycondensation processes, an alcohol is released, which may cause enzyme inactivation. Tetrakis (2-hydroxiethyl) orthosilicate (THEOS) is a completely water soluble precursor which can avoid thermal effects or enzyme unfolding, due to biocompatibility of the ethylene glycol released in reaction (Shchipunov et al., 2004) . Table 2 . Examples of network forming and modifying precursors To make the sol-gel synthesis compatible with the biomolecules, less invasive reaction conditions are needed. Usually to avoid thermal effects, the sol is produced before the enzyme is added. TMOS derived gels shrink very much, the enzyme being physically restricted in a limited space, which leads to activity loss. Hybrid organic-inorganic matrices shrink less. The properties of sol-gel matrices (porosity, surface aria, polarity, rigidity) depend on the hydrolysis and polycondensation reactions. They are influenced by the precursors, water -precursor molar ratio, solvent, concentrations of the reaction mixture components, pressure, temperature, maturation and drying conditions and different additives, as pore forming or imprinting agents (Coradin et al., 2006) . Polymers like alginate, xanthan, gelatin, chitin, chitosan, carrageenan, hydroxyethyl cellulose, polyvinyl alcohol, polyethylene glycol, polyacrylamide, 2-hydroxyethyl methacrylate or polyethylene oxide may be added in the sol-gel matrix. In this hybrid sol-gel materials covalent, hydrogen, van der Waals bindings or electrostatic interactions may occur between the inorganic and organic components. The macromolecular additives may act as pore forming agents. The porosity can be tailored by using detergents, ionic liquids, crown-ethers, cyclodextrines, etc. D-glucose was used as imprinting agent, being easy to eliminate. Additionally PEG and PVA may avoid pores collapse (Avnir et al., 1994; Coradin et al., 2006) .
Network modifying precursors Network forming precursors Methyltriethoxysilane (MTES)
Glucose biosensors based on sol-gel immobilized glucose oxidase
Enzymes applications in health care are of remarkable impact (Table 3) . Among them, glucose sensing with enzymes is of tremendous importance. Blood glucose level is one of the most important parameters in clinical practice, with continuous monitoring in diabetes, as one of the most important diseases in humans. Sedentary lifestyle and bad eating habits which lead to obesity are important causes of vascular diseases. Glucose level monitoring is important also in insulin therapy, dietary regimes or hypoglycemia (Yoo & Lee, 2010) . Glucose can be measured using three enzymes: hexokinase, glucose oxidase (GOx) and glucose-dehydrogenase (GDH). Glucose oxidase ( -D-glucose:oxygen-1-oxidoreductase, E.C.1.1.3.4.), discovered by Muller in 1928, is the most used oxidoreductase for glucose assay. This enzyme can be isolated from algae, citrus fruits, insects, bacteria or fungi. Most studies were carried out with microbial enzymes obtained by fermentation of Aspergillus niger and Penicillum notatum strains (Turdean et al., 2005; Wilson & Turner, 1992) . Glucose oxidase has high substrate specificity for glucose, high activity, high accessibility (mainly from Aspergillus niger). The glucose biosensor is based on the ability of glucose oxidase to catalyse the oxidation of glucose by molecular oxygen to gluconic acid and hydrogen peroxide:
Glucose oxidase, a flavoprotein, as a redox reaction catalyst, requires a cofactor, FAD, which is regenerated by reaction with molecular oxygen, so no cofactor regeneration is needed. The molecular oxygen consumption or the hydrogen peroxide production during the reaction is proportional with the glucose concentration. Hydrogen peroxide is oxidized at the electrode and the electron exchange between the enzyme and the electrode (the current generated) can be detected amperometrically. On the other hand, D-gluconic acid is released in the reaction, the pH decay being proportional with the glucose consumption. The pH can be monitored by potentiometric measurements, with a pH-sensitive glass electrode. In both cases, the enzyme has to be attached to the sensitive surface of the electrode. So, the electrode has a double function: to support the enzyme and to detect a change of a parameter (molecular oxygen consumption, pH change) related to the change of the analyte concentration. Alternatively, the enzyme can be incorporated in the electrode (carbon paste). Three generations of glucose biosensors are described in literature. While H2O2 and Dgluconic acid production can be monitored potentiometrically, the oxygen consumption can be measured amperometrically, for example with a Pt electrode, similarly with the oxygen electrode invented by Clark in 1962 (first-generation biosensors). Also, a redox mediator can be used to facilitate electrons transfer from GOx to electrode surface. A variety of mediators were used to enhance biosensor performances: ferrocenes, ferricyanides, quinines and their derivatives, dyes, conducting redox hydrogels, nanomaterials (second-generation biosensors). Table 3 . Enzymes applications in health care (Soetan et al., 2010) www.intechopen.com
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Conducting organic polymers, conducting organic salts, polypyrrole based electrodes were used in the third generation of glucose biosensors, which allowed a direct transfer of electrons between enzyme and electrode (Yoo & Lee, 2010 The enzymatic reaction is based on oxidation of -D-glucose to D-glucono--lactone catalyzed by glucose oxidase. Three inherent problems may occur. First, molecular oxygen is the electron acceptor which produces hydrogen peroxide as product. But, in biological fluids, the dissolved oxygen concentration controls the glucose detection limit. Second, potentiometric biosensors detect the hydrogen ions produced by the dissociation of Dgluconic acid. Its low dissociation constant is responsible for the low sensitivity of the method. Third, product inhibition by hydrogen peroxide on enzyme activity may occur. Though simple and economical, potentiometric biosensors have to find solutions for all this problems (better pH sensors and immobilization method, solutions to overcome oxygen deficiency and enzyme inhibition) (Liao et al., 2007) .
New trends in sol-gel immobilized glucose oxidase biosensors
Recent studies are focused now on nano-and bio-nanomaterials. Enzyme immobilization using methods based on sol-gel combined with smart materials (carbon nanotubes, conducting polymers, metal or metal oxide nanoparticles, self assembled systems) could be an interesting alternative (Table 4) . a. Conducting polymers New generation of mediator-free (reagentless) biosensors based on direct electron transfer uses immobilized enzymes on conducting substrates. Many methods and materials have been used to promote the electron transfer from oxidoreductases directly to the electrode surface. Among them, conducting biopolymers, nanostructures combined with sol-gel matrices are included. Due to their conductivity and electroactivity, they may act as electrons mediators between enzyme active site and electrode surface, leading to short response time and high operational and storage stability (Teles & Fonseca, 2008) . Silica conducting polymer hybrids may be synthesized by co-condensation of organosilanes, post-coupling of functional molecules on silica surface or non-covalent binding of different species. A strategy for silica conducting polymer hybrids synthesis is to modify silica with organic functional moieties and then, these functionalized precursors may react to form polymer chains in the pores or channels of the silica. Polyaniline (PA) is one of the most important conducting polymers. A glucose biosensor (PA-GOx/Pt) modified using a sol-gel precursor containing sulphur ((3-mercaptopropyl) trimethoxysilane, MPTMS) has good analytical characteristics and does not respond to interferences (Yang et al., 2008) . 
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A mediatorless bi-enzymatic amperometric glucose biosensor with two enzymes (GOx and horseradish peroxidase (HRP)) co-immobilized into porous silica-polyaniline hybrid composite was obtained by electrochemical polymerization of N[3-(trimethoxysilyl) propyl]aniline (TMSPA). The method revealed the advantages of using both conducting polymers and silica matrices synergistically in one-pot polymerization and immobilization (Manesh, 2010) . The co-immobilization of both GOx and HRP, which acts in cascade, allows both a glucose measurement that avoids interferences and a signal amplification that increases biosensor efficiency. b. Carbon nanotubes In the last 20 years, carbon nanotubes have been a subject of intense studies. Carbon nanotubes (CNT) are carbon cylinders obtained by folding of graphite sheets in single (single-walled carbon nanotubes (SWCNT)) or several coaxial shells (multi-walled carbon nanotubes (MWCNT)). SWCNT and MWCNT have found important applications in biosensing due to some valuable properties, which make them compatible with sensing and biomolecules: ordered nanostructure, capacity to be functionalized with reactive groups and to link biomolecules and, very important in sensing, enhancement of electron transfer from enzyme to electrode. MWCNT were used in hybrid organic-inorganic matrices combined with sol-gel and other materials, in sandwich-type structures (Ahuja et al., 2011; Kang et al., 2008; Mugumura, 2010) . c. Metal nanoparticles and self-assembled systems Since 1970s, we are witnesses of a rapid growth in nanocience interest for metal nanoparticles, such as Au, Pt, Ag, Cu, due to their enormous potential applications in catalysis, chemical sensors and biosensors. The biocompatibility of metal nanoparticles is based on their property to bind different ligands which, at their turn, can bind different biomolecules including enzymes. These nanoparticles have special electronic and photonic properties which make them extremely suitable in sensing. Self-assembled systems are used in simple and versatile procedures to immobilize enzymes on metal or metal oxide surfaces. Organoalkoxysilanes or organochlorosilanes are able to undergo processes of self-assembly on glass, silicon or alumina surfaces. Sulphur containing molecules have a special well-known affinity to noble metal surfaces. Sulphur containing alkoxysilanes can be used as sol-gel precursors to facilitate the binding of not only enzymes but also nanoparticles and redox active species to surfaces of Pt, Au, Cu or glassy carbon. Biosensors can be fabricated by means of self-assembled double-layer networks obtained from (3-mercaptopropyl)-trimethoxysilane (MPS) polymerized on gold electrode. Then, gold nanoparticles are attached by chemosorbtion on the double-layer polymer-gold electrode and, finally, GOx is bound to gold nanoparticles. Due to very low background current, such biosensors exhibit high sensitivity and short response time. The biosensors show a linear dependence at very low glucose concentrations and have a very low detection limit (1x10 -10 M). No interferences are observed. The performances of such biosensors may be explained considering that the nanoparticle -MPS network produces an increased surface area, thus increasing the enzyme loading (Barbadillo et al., 2009; Zhong et al., 2005) .
Conclusions
Research for advanced technologies, including highly efficient enzymes and immobilization strategies, based on new materials and improved electrodes continue to be performed.
Future trends in the design of robust biological sensors should include new goals such as: 1. Research for new strains to produce more versatile enzymes with improved compatibility, operational activity and stability. 2. A deeper understanding of matrix-enzyme interaction, protein folding/unfolding and mobility phenomena to prevent inactivation. Other goals are: a tight and more specific bond of enzyme to matrix, a more tunable pore size distribution, new matrices, with improved properties, reduced diffusional barriers and minimal enzyme leaching to obtain an efficient and fast response from an operationally stable system. 3. New electrodes with enhanced analytical characteristics (high operational stability and sensibility, long life-time and low detection limit), active in hostile environment. High rate response and quick electron transfer from the enzyme to the transducer are problems that still wait for better solutions. 4. Improved immobilization methods for enzymes, a more efficient attachment of the enzyme -matrix assembly to the physical transducer, considering that the matrix is the key link between enzyme and transducer. A new view of geometry at nano and micro scale, to facilitate a better link among biocatalyst, matrix and transducer, based on biocompatibility. 5. Better non-invasive, portable settings for continuous in vivo monitoring.
Miniaturization, biocompatibility, long term stability, specificity, and, first of all, higher accuracy are needed. Due to their excellent biocompatibility, silica matrices may contribute to the development of new applications for more specific biosensing devices.
